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by Raymond W. Tennant
The dataand results inthis series ofpapers onchemical
transformation of BALB/c-3T3 cells detail a substantial
effort to understandthe uses and limitations ofthismeth-
odology in identifying chemicals with carcinogenic poten-
tial. This project is an important portion of an effort
supported by the National Toxicology Program (NTP) to
develop, evaluate, andvalidatevarious invitro and in vivo
methods thatmaybe used to identifyproperties ofchemi-
cals that can predict carcinogenic activity or other tox-
icological effects. These efforts have the goals of
improvingourunderstandingofthenatureofcarcinogenic
potential, understanding carcinogenic and toxicologic
mechanisms, and identifying chemical properties that
have predictive value and thereby reducing our depen-
dence on the use oflong-term rodent bioassays to define
these end points.
Among the methodologies that have been evaluated by
the NTP are several assays that detect chemical-induced
transformation in mammalian cells. Transformation
assays assessed in this program used primary Syrian
hamster embryo (SHE) cells, primary human fibroblasts,
A31-1-13 clone of BALB/c-3T3 cells, and viral-vectored
genes or viral-infected cells such as Simian adenovirus
(SA7) infection ofSHE or rat embryo fibroblasts infected
with the Rauscher murine leukemia virus. These papers
present several important conclusions regarding the
BALB/c-3T3 transformation assay.
There are some general conclusions that can be derived
regarding mammalian cell transformation based on expe-
rience with these methodologies. Each method presents
unique characteristics and positive and negative proper-
ties. Itisimportant to emphasize thatthe contextinwhich
the activities and value ofthese systems has beenjudged.
The literature results we have reported relate mostly to
the ability of these transformation assays to identify
carcinogens or noncarcinogens that have been recognized
through long-term rodent bioassays conducted by the
NTP and othertoxicological effects derived fromthe same
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database. There are, therefore, many other potential uses
and application of these methods that are not considered
bythisformofevaluation. Eachassaysystemormethodol-
ogyisuniquebecausethecell systems differinavarietyof
characteristics dependingonwhethertheyare primaryor
established cultures and whether they have undergone
genetic changes such as aneuploidy, etc. All ofthem have
undergone a variety of phenotypic changes involved in
adaptation to growth in cell culture, and theyvary consid-
erably in their endogenous capacity to metabolize chemi-
cals. Some of the cells possess an extended life span in
culture; that is, they are cell lines, whereas other cultures
such as the primary SHE cells must undergo conversion
during extended growth in culture to demonstrate
tumorigenic potential. The measured end point for trans-
formation or the characteristic phenotypic properties of
transformed cells also varybutultimatelymustbe related
to the ability of the cells to produce neoplastic growth in
suitable recipient animals. Most ofthe protocols that use
these cells for transformation assays are predicted upon
various acute exposure regimens, sometimes using exogen-
ous sources ofmetabolizingsystems (e.g., liverS9fractions).
Theoverallimplications oftheresultsfromcelltransfor-
mation assay investigations that we have published are
that there was not a precise correspondence ofthe ability
of chemicals to induce tumors in rodent bioassays and to
transform cells in vitro. Furthermore, there was not a
precise correlation of chemicals that induce cell transfor-
mationindifferentassaysystems. However,ingeneral,the
ability of chemicals to transform cells in vitro was most
highly correlated with other genetic toxicity ormutagenic
potential generally related to electrophilic properties of
the chemicals. Nevertheless, transformation assays have
detected some chemicals that induced tumors and are not
commonly considered to be genotoxic.
In rodents, chemical carcinogens produce a variety of
effects that show a range of biological properties. Many
show independence from sex, species, and tissue
restraints; that is, some chemicals cause tumors across
these barriers, while other chemicals show very specific
species, sex, and tissue neoplasia. It is the latter group of
chemicals, those that show a high degree ofspecific neo-R. W TENNANT
plastic effect, that are the most difficult to predict by in
vitro methods. In addition, a majority ofthose chemicals
were recognized as carcinogens only following prolonged
exposures of animals, i.e., up to 104 weeks. There is a
strong implication that there are a variety ofchanges not
yet identified that can be induced by these chemicals that
are required for emergence ofneoplastic cells. Therefore,
it is difficult to mimick such complex processes by acute
exposures ofcells in vitro.
A dominant property of many rodent chemical carcino-
gens is anelectrophilic substructure ormetabolite and the
abilityofthe chemical tobemutagenic orotherwiseinduce
genetic toxicity in cell culture systems. It is among
this latter group of genotoxic carcinogens that in vitro
transformation assays can be used to confirm and extend
these observations. Such systems are also valuable in
studyingthe mechanisms ofthe neoplastic process.While
we areinclinedtoviewthe emergence ofneoplasticgrowth
as a process ofinduction, progression, andpromotion, itis
equallyplausible, particularly in cases ofprotracted expo-
sures, that there is also a process ofadaptation related to
responses to the toxic effects of chemicals. Much more
work is needed to explore the potential value of mam-
malian cell transformation systems in helping to under-
stand these possible mechanisms of neoplastic
development.
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